Abstract Many studies have shown that oxidative stress induced by hydrogen peroxide can lead to neuronal cell death. In this study, protective effects of the ethanol extract of A. lappa L. roots against oxidative stress in PC12 cells were measured by 2 0 , 7 0 -dichlorofluorescein diacetate and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assays. Oxidative stress contributes to the memory deficits induced by Beta-amyloid 1-42 in mice. Treatment with the ethanol extract of A. lappa L. roots improved working and reference memory in mice in the Y-maze and passive avoidance tests. To detect the lipid peroxidation levels, malondialdehyde was measured. To purify the bioactive compound, active fractions and components of A. lappa L. roots were isolated by partitioning, open column chromatography, TLC, high-performance liquid chromatography, electron ionization mass spectrometry, and 1 H/ 13 C-nuclear magnetic resonance. We identified the bioactive compound as quinic acid, which is a powerful antioxidant agent. Ultimately, the roots of A. lappa L. may become available as an antioxidant food for Alzheimer's disease patients and those with other oxidative stress-induced disorders.
Introduction
Arctium lappa Linne, known as burdock, is a widely cultivated edible vegetable in many countries. Recently, several studies have demonstrated the biological characters of this plant, including its antibacterial effect against Grampositive and Gram-negative bacteria (Gentil et al. 2006; Predes et al. 2011) , as well as antiallergic (Lin et al. 2000 (Lin et al. , 2002 Sohn et al. 2011 ) and antiulcerogenic activities (de Almeida et al. 2012) . Pharmacological studies have indicated that A. lappa L. roots have hepatoprotective, antiinflammatory, free radical-scavenging, and antiproliferative activities (Lin et al. 1996; Duh 1998) . A. lappa L. roots tea has become a promising and important beverage because of its therapeutic characters (Maruta et al. 1995) .
Beta-amyloid (Ab) peptide, the hallmark of Alzheimer's disease (AD), leads to neuronal damage by oxidative stress and eventually to neuronal cell death. The study indicates that enhanced oxidative stress produced by Ab is associated with AD (Boldogh and Kruzel 2008) . Ab can generate free radicals with potent lipid peroxidation effects on the synaptosomal membranes in the neocortex, which is an area with high levels of Ab (Monji et al. 2001) On the other hand, many natural phenolic antioxidants such as resveratrol, curcumin, and quercetin protect neurons from Ab-induced oxidative stress (Kanupriya et al. 2005) . Resveratrol has been shown to antioxidant effect by reducing the production of reactive oxygen species (ROS) and superoxide ions (Gresele et al. 2008 ). Also, quercetin has shown protection against oxidative stress and related neuro disorder (Akhlaghi and Bandy 2012) . Commercial curcumin, that is curcumin I, curcumin II and curcumin III, is commonly remark of as 'the curcumin complex' or 'the curcumins' (Goel et al. 2008; Belkacemi et al. 2011; Venkatesan et al. 2000) . Several studies have shown that the curcumins are powerful antioxidants. They are powerful scavengers of superoxide and hydroxyl radicals, conserving glutathione (GSH) levels, and reducing the concentration of circulating free radical end products (Soni and Kuttan 1992) . The curcumins also protect against lipid peroxidation, GSH peroxidase inactivation, and DNA oxidative stress (Strimpakos and Sharma 2008; Brückner et al. 2012 ). Polyphenol-rich green tea and its active compound (-)-epigallocatechin-3-gallate (EGCG) were found to ameliorate oxidative stress in various studies (Brückner et al. 2012; Xie et al. 2012) . A clinical study showed that polyphenolrich diet reduced LDL oxidation and modulated cluster of differentiation 40-ligand (CD40L) gene expression, thus overlooking inflammation in humans. Polyphenol-rich fruit extracts have been shown to regulate free radicals and ROS (Castañer et al. 2012) . The levels of antioxidant enzymes such as glutathione peroxidase or catalase are extremely low in the brain (Floyd 1999) . Thus, during aging, the exposure of the brain to oxidative stress increases due to collection of redox-active transition metals (Zecca et al. 2004 ). This event is considered to be one of the major contributors to age-connected disease. Functional food polyphenols are effective in slowing the progression of brain disease because these molecules are brain-approachable (Rossi et al. 2008) . ROS are essential for markers and modulate many metabolic reactions (Lim et al. 2001 ). However, overly high levels of ROS can oxidize essential biological macromolecules, such as membrane lipids, DNA, and proteins, ultimately leading to mitochondrial dysfunction and apoptosis in neuronal cells (Xu et al. 2014) . Malondialdehyde (MDA) is the disruption final product of the major chain reactions leading to oxidation of polyunsaturated fatty acids and thus serves out as a reliable marker of oxidative stress-related lipid peroxidation (Irmak et al. 2002; Ozguner et al. 2006) . In the present study, we assessed the neuroprotective effects of an antioxidant agent isolated from the ethanol extract of A. lappa L. roots against oxidative stress in PC12 cells. To investigate the effect of the roots of A. lappa L. extract on learning and memory impairment in mice, we performed Y-maze and passive avoidance tests.
Materials and methods

Materials
Hydrogen peroxide (H 2 O 2 ), dimethyl sulfoxide, 2 0 , 7 0 -dichlorofluorescein diacetate (DCF-DA), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), Ab 1-42 , and ascorbic acid were purchased from Sigma Co. (St. Louis, MO, USA). Ab 42-1 was purchased from BACHEM (Bubendorf, Switzerland). All of the chemicals and reagents used were commercially available and standard biochemical quality.
Extraction of Arctium lappa L. roots
Row A. lappa L. roots material were purchased at a local market (Gyung-dong market, Seoul, Korea). The roots (7 kg) were sliced, dried, and ground into powder. The powder was dissolved in ethanol (35 L) by shaking at room temperature for 24 h at 125 rpm. The ethanol extract was filtered through Whatman filter paper No. 42 (Whatman International Ltd., UK). The extraction procedure was repeated five times. The ethanol extract was concentrated in a rotary evaporator (EYELA, Japan) under reduced pressure at 37°C.
Cells
PC12 cells were derived from the adrenal medulla of rat pheochromocytoma and mainly used as a model system for neurobiological and neurochemical studies (Lloyd and Arthur 1976) . PC12 cell line (rat pheochromocytoma cell) was obtained from American Type Culture Collection (ATCC, CRL-1721). RPMI 1640 medium, horse serum donorherd, fetal bovine serum, and antibiotic-antimycotic were purchased from Gibco-BRLTM (Gaithersburg, MD, USA). PC12 cells were cultured in RPMI 1640 medium supplemented with 10 % horse serum donor herd (v/v), 5 % fetal bovine serum (v/v), and 1 % antibiotic/antimycotic (v/v). The cells were maintained in a 37°C incubator in a water saturated with 5 % CO 2 .
DCF-DA assay
Intracellular oxidative stress levels were measured by the 2 0 ,7 0 -dichlorofluorescein diacetate (DCF-DA a PC12 cells were then pretreated for 24 h at the levels of various concentrations of the root of A. lappa L. ethanol extracts. The cells were treated with or without 100 mM H 2 O 2 for 2 h. At the end of the treatment, cells were incubated in the presence of 50 mM DCF-DA. After a 50 min incubation, DCF was quantified by fluorometer (GENios, TECAN, Mannedorf, Switzerland) using the 485 nm excitation filter and 535 nm emission filter (Ni et al. 1996; Choi et al. 2013) .
MTT reduction assay
Cell viability was measured by MTT reduction assay. PC12 cells were plated at a density of 10 5 -10 6 cells on 96 well and preincubated with various concentration A. lappa L. roots ethanol extract for 48 h. After incubation with H 2 O 2 , cell viability was determined by the amount of MTT formazan crystal. Absorbance was determined at 570 nm and reference wave was determined at 630 nm using a microplate reader (GENios, TECAN, Mannedorf, Switzerland) (Sathisha et al. 2007; Alothman et al. 2009 ).
ABTS decolorization assay
For ABTS assay, the procedure followed of Kim et al. (2002) . Briefly, 1.0 mM AAPH was added to 2.5 Mm ABTS in phosphate-buffered saline (pH 7.4). The mixed solution was heated in water bath at 70°C for 30 min. The resulting blue-green ABTS radical solution was then diluted by mixing 1 mL ABTS solution with methanol to obtain an absorbance of 0.650 ± 0.020 units at 734 nm. Twenty microliters of sample was added 980 lL of the ABTS radical solution. The mixture was incubated in a water bath at 37°C for 10 min. The mixture were allowed to react with 1 mL of the ABTS solution and the absorbance was taken at 734 nm after 10 min using a spectrophotometer. The final result was expressed as mg ascorbic acid equivalent antioxidant capacity in 100 mL of sample (mg/100 mL).
Animals
Male ICR mice (5-week old, 25-30 g) were purchased from Daehan Biolink Co. (Chungnam, Korea). The animals were free access to feed for 4 weeks, and then the root of A. lappa L. ethanol extract was mixed with in water at 400, 800, 1200 mg/kg of body weight per day (0.25, 0.5, and 0.75 %, respectively). The sample groups (Al 400, Al 800, Al 1200 and Q5, Q10, Q20, and Q 40) were injected with Ab 1-42 after their diets supplemented with the root of A. lappa L. ethanol extract. Ab 1-42 was administered by intracerebroventricular (ICV) injection to memory dysfunction. The control group was injected with the non-toxic Ab 42-1 (410 pmol per mouse). The Ab peptide was dissolved in 0.85 % (v/v) sodium chloride solution, and each mouse was given injections to the bregma using a Hamilton microsyringe (depth = 2.5 mm; injection volume = 5 lL; dose = 410 pmol/mouse) (Choi et al. 2009 ). All experimental procedures were approved by the guidelines established by Animal Care and Use Committee of Korea University.
Y-maze test (the root of A. lappa L. ethanol extract and quinic acid)
The Y-maze test was performed 3 days after the Ab injection. The maze was made of black-painted plastic and each arm of the maze was 33 cm long, 15 cm high, and 10 cm wide and positioned at an equal angle. Each mouse was allowed to move freely through the maze during an 8 min period, and the sequence of arm entries was recorded. The percentage spontaneous alternation behavior was calculated as the ratio of actual to possible alternations (Heo et al. 2003) . The passive avoidance test was performed 7 days after Ab injection. The apparatus consisted of a light room (140 mm 9 175 mm 9 150 mm) and a dark room (140 mm 9 175 mm 9 150 mm). The dark room had a grid of steel rods connected to a shock generator. The rooms were separated by a wall with a connecting passage. For the acquisition trial, each mouse was put into the light room and allowed to explore freely (for 1 min, with no light or shock). Each mouse was allowed to explore further for 2 min with light and no shock. A mouse that had completely entered into the dark room received a foot shock of 0.5 mA for 1 s through the steel grid. One day later, the same mouse was again put into the light room, and the latency time taken to enter the dark room was measured without any foot shock. The maximum cut-off latency was set to 300 s (Choi et al. 2009; Oue et al. 2014 ).
Measurement of MDA levels
MDA was detected by the thiobarbituric acid (TBA) test (Lovell and Markesbery 2007; Wang et al. 2012; Xu et al. 2014) . MDA reacts with TBA to form MDA-(TBA) 2 , a red-colored adduct with maximum absorbance at 532 nm. Brain extracts and cells were added to the detection Appl Biol Chem (2016) 59 (4):553-565 555 solution containing MDA and incubated at 95°C in a water bath for 45 min. After cooling and centrifugation at 10009g for 10 min, the supernatants were collected. MDA levels were expressed as lmole per mg of protein using a microplate reader at 532 nm.
Isolation of the active compound
Crude A. lappa L. roots ethanol extract (549 g) was dissolved in water (200 mL) and partitioned with hexane (600 mL 9 3), chloroform (600 mL 9 3), and ethyl acetate (600 mL 9 3) sequentially for 24 h. The ethyl acetate fractions (13.7 g) were separated by silica-gel column chromatography. The column was eluted with a stepwise gradient of chloroform and ethanol (100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10 :90, and 0:100, v/v; repeated three times). The 19th, 20th, and 21st fractions (the fractions of chloroform: ethanol = 40:60 1st, 2nd, and 3rd) were selected and evaporated (3.73 g), and then the evaporated fraction was dissolved in ethanol and plate was spotted with 0.5 lL (1.2457 mg/mL). After the plates were visualized under visible and ultraviolet light (254 and 360 nm), they sequentially analyzed by thin-layer chromatography (TLC). High-performance liquid chromatography (HPLC) using a C 18 column (4.6 9 250 mm, 5 lm Capcell Pak; Shiseido, Japan). The HPLC system (YL9100) was equipped with a PDA detector (YL9160), autosampler (YL9150), vacuum degasser (YL9101), binary pump (YL9111), and YL Clarity software version 3.0.4.444 (Young Lin Instruments Co. Inc., Korea). The chemical structure of the active compound was determined using electron ionization mass spectrometry (EI-MS) and nuclear magnetic resonance (NMR) spectroscopy.
Catalase (CAT) assay
CAT activity was measured by the method of Aebi (1984) . The phosphate buffer (50 mmol; pH 7.0) 0.65 mL and 50 lL sample were added in a quartz cuvette. The reaction was started by mixed of 0.3 mL of 30 mM H 2 O 2 . The disintegration capability of H 2 O 2 was monitored at 240 nm at 25°C. CAT activity was expressed as nM H 2 O 2 consumed/mg of cell protein.
Statistical analysis
Data were expressed as means ± standard deviations. The data were analyzed using one-way analysis of variance followed by Duncan's multiple range tests with the SAS software (Cary, USA). Statistical significance of the differences between groups was calculated by one-way ANOVA.
Results and discussion
In this study, we demonstrate the neuroprotective activity of quinic acid isolated from the roots of A. lappa L. It had a protective effect against oxidative stress in PC12 cells, which might be due to the antioxidant capacity of quinic acid. The results of screening of 15 Korean edible plant extracts are presented in Table 1 . The A. lappa L. root extract resulted in a 50.6 ± 4.56 % decrease of intracellular oxidative stress and 131.6 ± 0.01 % increase in cell viability (compared with control). Among the plant extracts tested, the A. lappa L. root extract had the most potent inhibitory activity against induced oxidative stress in PC12 cells. For antioxidant potential of the A. lappa L. root, it was determined by scavenging ABTS radical anions, which are presented in Fig. 1A , B. The vitamin C standard curve was calculated by the amount of absorbance reduction caused by vitamin C and measured using ABTS radical assay. The A. lappa L. root and vitamin C were ABTS scavenging activity decrease in a dose-dependent manner (Fig. 1A) . As shown in Fig. 1B , the antioxidant capacity of the A. lappa L. root was converted to VCEAC on a weight basis. The antioxidant capacity of the A. lappa L. root showed 9.3 mg/100 mL VCEAC. It has been reported that pre-treatment with A. lappa L. root extracts increased cell viability, activities of GSH-Px and SOD, and mitochondrial membrane protection, and decreased LDH leakage, ROS formation, and nuclear condensation in a dose-dependent manner (Tian et al. 2014) . From Fig. 1A , B, the antioxidant capacity of the A. lappa L. root was determined using ABTS scavenging assay. These data presented that the A. lappa L. root scavenged the ABTS radical anions in a dosedependent manner and which may provide antioxidative defense effects.
To evaluate the protective effect of A. lappa L. root on Ab 1-42 -induced memory impairment, a Y-maze spontaneous alternation test was performed (Fig. 2A) . The Ab 1-42 group exhibited a significantly impaired spatial working memory (11 % decrease in alternation behavior) in comparison with the group C. The Ab 1-42 -induced decrease in memory was significantly improved by treatment with the root of A. lappa L. extract. However, the difference was not significant for the number of arm entries (Fig. 2B) . To test the learning ability and memory of mice, we performed the passive avoidance test (Fig. 2C ). In comparison with the Ab 1-42 group, the control group tended to remain in the light room. The groups treated with the A. lappa L. root extract tended to remain in the light room longer than the control group. This may indicate that the extract-treated groups better retained the learning ability and memory. Thus, the results of behavioral tests (Y-maze and passive avoidance tests) demonstrated that the A. lappa L. root extract may alleviate cognitive dysfunction induced the Ab 1-42 .
The phenolics have a wide impact on the living systems and their important characteristic is their antioxidant property (Choi et al. 2012; Chung et al. 2009; Thuong et al. 2010; Chan et al. 2011 ). These reports suggested that the phenolic of A. lappa L. root ethanol extract may as antidementia agents both in vitro and in vivo. As shown in Fig. 2A , all three Al groups of Ab 1-42 -treated mice significantly improved spatial alternation percentage as compared to Ab 1-42 alone-treated mice. These results suggest that the A. lappa L. root extract improved acquisition of short-term memory in Ab 1-42 -treated mice in a dose-dependent manner. The effect of the extract on improvement of working and reference memory was observed in the passive avoidance test (Fig. 2C) . The memory-ameliorating effect of dietary administration of quinic acid on behavioral abilities was tested using AD animal model. MDA is considered as a marker for lipid peroxidation and may serve as an indicator of oxidative damage. After the behavior experiment, we determined the level of MDA in mouse brains. The A. lappa L. root extract treatment significantly decreased the MDA levels in the brains of Ab 1-42 -injected mice in comparison with control (Fig. 3) . Oxidative stress is a major cause of cell injury in neurodegenerative disorders. ROS such as H 2 O 2 , superoxide anion, and hydroxyl radical readily damage biological molecules, which can ultimately lead to apoptotic or necrotic cell death (Halliwell and Aruoma 1991) . Therefore, removal of excess ROS or suppression of their generation by antioxidants may be an effective plan to prevent oxidative cell death (Shaerzadeh et al. 2011) . MDA is the most abundant individual aldehyde resulting from lipid peroxidation. Increased lipid peroxidation was observed in an Ab 1-42 -injected group of Alzheimer amyloidosis in Fig. 4 Protective effect of the solvent partitioned the root of A. lappa L. extract against oxidative stress and oxidative stress-induced cell death. Groups: C untreated control cultures, H 100 lM hydrogen peroxide (H 2 O 2 ), V 100 lM vitamin C ? 100 lM H 2 O 2 , H1-E3 100 lM H 2 O 2 ? the root of A. lappa L. extract [H1-H3 n-hexane, C1-C3 chloroform, and E1-E3, ethyl acetate (1 mg/mL)]. After incubation of the oxidative stress in order to evaluate the level of intracellular ROS, it was treated with H 2 O 2 . Data are mean ± SD values (n = 4). *,#,$,¥, Statistical differences between groups (p \ 0.05) animal model (Cioanca et al. 2013) . However, our data demonstrate that treatment with the A. lappa L. root extract prevents lipid peroxidation induced by Ab (Fig. 3) . The A. lappa L. root extract protected brain cell of against lipid peroxidation in mice.
To separate the active compound from the root of the root of A. lappa L. extract, solvent partition, open column chromatography, TLC, and HPLC were sequentially used.
The ethanol A. lappa L. root extract was partitioned three times each with n-hexane, chloroform, and ethyl acetate, respectively. As shown in Fig. 4 , the fractions (E1, E2, and E3) of ethyl acetate extract decreased oxidative stress more effectively than H group (326-400 %, Fig. 4A ). In the MTT reduction assay, ethyl acetate fractions (E1, E2, and E3) presented the highest cell viability (78-85 %, Fig. 4B ). These ethyl acetate extracts were separated into 33 Table 2 ). In order to purify the bioactive compound, the selected fractions were separated by TLC. The ratio of fronts = 0.035 showed the highest activity (DCF-DA: 592 %, MTT: 91.5 %, Table 3 ). The structure of the active compound was determined using HPLC, EI-MS, and 1 H/ 13 C-NMR. As shown in Fig. 5A , the data detection wavelength was 247 nm and a significant peak appeared at 14 min. In order to confirm the active component, the A. lappa L. root extract and quinic acid were analyzed by HPLC under the same conditions. As shown in Fig. 5B , the significant peak of A. lappa L. root extract was detected on 226 nm at 6.9 min. The purified active compound was identified as quinic acid. The highest single peak of the quinic acid carried out under the same conditions (226 nm) by HPLC (Fig. 5C) . This peak was then analyzed by EI-MS and 1 H/ 13 C-NMR, and the bioactive compound was identified as quinic acid (192.17 m/z) (Fig. 5C ). The purified antioxidation agent was identified as quinic acid by HPLC. The EI-MS and 1 H/ 13 C-NMR (data not shown) analysis determined the active compound structure of the root of A. lappa L. ethanol extract (Fig. 5C) . Quinic acid is a hydroxycinnamic acid. Hydroxycinnamic acids such as caffeic, ferulic, sinapic, and p-coumaric acids are present in a large variety of fruits, coffee, olive oil, and vegetables. The most abundant hydroxycinnamic acid in food is chlorogenic acid, the ester of caffeic, and quinic acids (Gonthier et al. 2003) . Dietary polyphenols, chlorogenic acid is an antioxidant (Castelluccio et al. 1995; Foley et al. 1999; Rice-Evans et al. 1996) . The chlorogenic acid scavenge radicals generated in the aqueous phase increase the defense of LDL to lipid peroxidation and prevent DNA damage in vitro (Nardini et al. 1995; Abu-Amsha et al. 1996; Li et al. 2009; Rezai-Zadeh et al. 2012) . In a previous study, oral administration of the polyphenol-rich green tea EGCG for 6 months to mice overexpressing the Swedish mutation of APP (Tg2576) reduced Ab pathology as well as improving spatial alternation behavior (Kasai et al. 2000) and similarly long-term green tea catechin administration improved learning and memory induced Ab 1-42 in mice (Shibata et al. 1999) .
The quinic acid derivatives caffeoylquinic acids (CQAs) are bioactive phenylpropanoids used to treat AD; the antioxidative capability of CQA derivatives might make them effective in inhibiting the composition of Ab 1-42 fibrils by suppressing the radical-related accumulation of Ab 1-42 (Gumbinger et al. 1993; Uang et al. 1995; Oboh et al. 2013) . Caffeic acid and chlorogenic acid discourage acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) activities in a dose-dependent manner (Oboh et al. 2013) . The quinic acid moiety of chlorogenic acid may affect the interaction of phenolic acids with the active sites of both AChE and BChE, producing a significant lowering in their enzyme inhibitory activities (Oboh et al. 2013) . Several studies have reported absorption, metabolism, and distribution of these phenolic acids in animals and cell lines within minutes after exposure (Gumbinger et al. 1993; Uang et al. 1995; Simonetti et al. 2001) . Furthermore, chlorogenic acid conducts on the CNS through the blood-brain barrier either in its intact form or as a metabolite (Ito et al. 2008 ). The quinic acid and derivatives might be major antioxidant ingredient in chlorogenic acid.
To evaluate the effect of quinic acid on the oxidative stress level was measured using DCF-DA assay in PC12 cells. The intracellular ROS levels represented H 2 O 2 treatment were significantly lower in cells that were pretreated with the quinic acid, than those in the H 2 O 2 alonetreated cells. As a result, the quinic acid-pretreated cells showed a dose-dependent decrease in ROS levels (Fig. 6A) . In order to evaluate the protective effect of quinic acid against H 2 O 2 -induced neurotoxicity, MTT reduction assay carried out. As shown Fig. 6B , cell viability decreased due to H 2 O 2 circumstances (58 %). The cell viability data represented that the cytotoxicity reduction was proportional to the quinic acid concentration. These results demonstrated the protective agent effect of the quinic acid against H 2 O 2 . In order to evaluate the MDA level in PC12 cells, the quinic acid was treated with various concentrations. The quinic acid was significantly inhibited the lipid peroxidation as compared to control (Fig. 7) .
In order to measure the antioxidative defense enzyme capacity, the quinic acid carried out in PC12 cell using CAT assay. The quinic acid pre-treatment significantly increased the catalase activity in PC12 cell of H 2 O 2 -induced oxidative stress in comparison with control (Fig. 8) .
It could be predicted that the quinic acid pre-treatment cells have an antioxidative defense capacity against H 2 O 2 toxicity.
In order to memory-ameliorating effect of quinic acid from the A. lappa L. root extract against Ab 1-42 -induced learning and memory impairment in mice, Y-maze and passive avoidance test were performed. The Ab 1-42 group exhibited significantly impaired spatial working memory (20 % decrease in alternation behavior) as compared to that of the control group (Fig. 9A) . Administration of diet supplemented with quinic acid increased the spontaneous alternation behavior in the Ab 1-42 mice. In contrast, the total number of arm entries did not change among all experimental groups (Fig. 9B) . The Ab 1-42 group displayed a significant reduction in the step-through latency second (279-s decrease) as compared to that control group in the passive avoidance test (Fig. 9C) . Thus, the quinic acid diet regulated a significant anti-memory disorder effect in vivo model. ICV injection of Ab-induced memory deficits and a useful exposure method in vivo model for Ab toxicity. In vivo data showed the neuroprotective effects in mice by Ab 1-42 . Therefore, the A. lappa L. root ethanol extract indicated anti-dementia activity by blocking Ab neuronal damage. In this study, it suggests the ethanol extract of A. lappa L. root protective effect against learning and memory deficits in AD mice.
In conclusion, the root of A. lappa L. ethanol extract, which contains quinic acid, was displayed significantly lower levels of reduced lipid peroxidation in brain tissues and potential ability represented the ameliorative effects against oxidative stress induced via ICV injection by Ab . Generally, we conclude that the A. lappa L. root extract may be a promising neuroprotective agent for prevention and treatment of neurodegenerative diseases that involve oxidative stress. Fig. 7 Effects of quinic acid on lipid peroxidation level in PC 12 cells. Groups: C untreated control cultures, H 100 lM hydrogen peroxide (H 2 O 2 ), V 100 lM vitamin C ? 100 lM H 2 O 2 . Sample groups were preincubated with the quinic acid (Q0.001, Q0.01, and Q0.1 M mg/mL) for 48 h before H 2 O 2 treatment. After incubation of the oxidative stress in order to evaluate the level of intracellular reactive oxygen species (ROS), it was treated with H 2 O 2 . *p \ 0.05 versus control group, # p \ 0.05 versus H group. Data are mean ± SD values (n = 4) Fig. 8 Effects of quinic acid on the CAT activity in PC 12 cells. Groups: C untreated control cultures, H 100 lM hydrogen peroxide (H 2 O 2 ), V 100 lM vitamin C ? 100 lM H 2 O 2 . Sample groups were preincubated with the quinic acid (Q0.001, Q0.01, and Q0.1 M mg/ mL) for 48 h before H 2 O 2 treatment. After incubation of the oxidative stress in order to evaluate the level of intracellular reactive oxygen species (ROS), it was treated with H 2 O 2 . *p \ 0.05 versus control group, # p \ 0.05 versus H group. Data are mean ± SD values (n = 4) Fig. 9 Memory-ameliorating effects of the quinic acid on Ab 1-42 -induced cognitive impairment in the Y-maze and passive avoidance tests. (A) Alternation behavior, (B) total arm entries, and (C) stepthrough latency. Group C was injected with Ab 42-1 . Group A was injected with 410 pmol of Ab 1-42 per mouse. Sample groups (Q5, Q10, Q20, and Q40) were injected with Ab 1-42 followed by feeding with the quinic acid (Q5, Q10, Q20, and Q40 mg/kg per day). The sample was fed with diet. Spontaneous alternation behavior was measured during 8 min and step-through latency measured during was 300 s. Values indicate the mean (n = 8) ± SD. *p \ 0.05 versus control group, 
